Background: Chronic fatigue syndrome (CFS) is a complex multifactorial disorder. This paper reports the prevalence of chronic fatigue (CF) and CFS in an ethnically diverse population sample and tests whether prevalence varies by social adversity, social support, physical inactivity, anxiety and depression.
Background
Chronic fatigue syndrome (CFS), sometimes also called myalgic encephalomyelitis, is a debilitating condition characterised by unexplained fatigue that lasts for at least 6 months alongside other symptoms that are required for a diagnosis of CFS: headaches, unrefreshing sleep, muscle pain and memory and concentration problems [1] . The prevalence is between 400 and 2,500 adults per 100,000 population [1, 2] . Chronic fatigue (CF) alone, without meeting the full criteria for CFS, is more prevalent but less disabling than CFS [3] . Although the exact pathogenesis of CFS is unknown, research implicates infection, endocrine dysfunction, autonomic nervous system imbalance, depressed mood and altered immunity [1, 2] . Psychosocial factors and physical inactivity have been proposed to be of aetiological significance [1, 2] , but there is little research on the relative importance of physical inactivity and psychosocial factors in population samples. Cultural factors are known to influence psychosocial risks for many health conditions; therefore, studies in ethnically diverse populations may yield more information about the relative importance of sociocultural, psychological and behavioural risk factors.
Early reports of CFS from clinic populations seemed to suggest that CFS was more common in women, White majority population and the middle classes [4, 5] . In contrast, some recent population-based research in the United States and the United Kingdom shows that the prevalence of CFS, like many illnesses [6] is actually higher among people of lower socioeconomic status and minority cultural or ethnic groups [3, [7] [8] [9] [10] [11] . Psychosocial influences include social support, which is a protective factor against CFS [12] [13] [14] , whereas social strain, including gender disadvantage and financial strain, are known risk factors for poor health in general and for CFS in particular [7, 15] . Cultural factors include work-related discrimination, assaults and insults; these are more common amongst some ethnic minorities and are important risk factors for a number of health conditions [16] [17] [18] . These stressors have not been investigated in CFS.
Although physical illness may potentially explain greater reports of fatigue [19] , physical illnesses that cause fatigue are among the exclusion criteria for a diagnosis of CFS [1, 2] . For example, the latest international criteria (Centers for Disease Control (CDC), 2006) [20] allow a CFS diagnosis in the presence of long-standing physical illnesses only if these are stable, treated and do not account for fatigue (for example, hypothyroidism, diabetes mellitus and cancer). In contrast, depression and anxiety can cause fatigue and are common in patients with CFS, but are allowable in meeting the CDC criteria for CFS [2, 21] . Therefore, ethnic variations in the prevalence of anxiety and depression may explain variations of CFS prevalence.
Some studies suggest that physical activity is an effective intervention for CFS [6] . However, the role of physical inactivity and overactivity in causing CFS is uncertain [2, [22] [23] [24] . Physical inactivity may play a role in maintaining CFS [25] and is known to be more common among some cultural and ethnic groups. For example, Indian, Pakistani, Bangladeshi and Chinese men and women were the least likely, in a health survey conducted in England, to be as active as recommended in health guidelines [26, 27] . Therefore, varying levels of physical activity may explain variations in CFS.
Objectives
This paper presents the findings of a Medical Research Council (UK)-funded study to estimate the population prevalence of CF and CFS in an ethnically diverse sample. In this study, we tested whether there is a consistently higher prevalence of CF and CFS in specific cultural and ethnic groups and whether variations in prevalence can be explained by social adversity (social strain and perceived discrimination), social support, physical inactivity, anxiety and depression.
Our hypothesis was as follows: (1) CF and CFS show differing patterns of prevalence across ethnic groups, and this difference is independent of variations by age, sex and socioeconomic status; and (2) prevalence variations may be explained by variations in psychosocial risk factors and physical inactivity, such that (a) social adversity such as social strain, low social support and perceived discrimination account for a higher prevalence of CFS; (b) physical inactivity accounts for a higher prevalence of CFS; and (c) anxiety and depression account for a higher prevalence of CFS.
Methods
Ethical approval for data collection was obtained from the North Thames Multi-Centre Research Ethics Committee and ratified by all Local Research Ethics Committees in England.
The study population
The Health Survey for England (HSE) comprises a series of annual surveys beginning in 1991. It was designed to provide regular information on the nation's health. The detailed methods used in the Ethnic Minority Psychiatric Illness Rates in the Community (EMPIRIC) study to sample from HSE have been published [27] [28] [29] . Therefore, in this paper, we briefly set out the sample methods. The EMPIRIC national population survey took place in 2000 and sampled White British participants from the 1998 Health Survey for England (HSE98) [26] . The 1999 Health Survey for England (HSE99) (the ninth in the series) was the first to increase the representation of ethnic minority groups, boosting the sample of adults from Black Caribbean, Indian, Pakistani, Bangladeshi and Irish communities. So, for the EMPIRIC survey, people from these ethnic groups were sampled starting from HSE99 [27] (see Figure 1) . The EMPIRIC survey of 4,281 people ages 16 to 74 years included White British (n = 837), White Irish (n = 733), Black Caribbean (n = 694), Bangladeshi (n = 650), Indian (n = 643) and Pakistani (n = 724) people [27, 28] . Response rates were highest among the White (71%) and Irish (72%) groups and lowest among the Indian group (62%). Weighting in EMPIRIC analyses ensured that the sample was representative of the population samples in the HSE annual surveys by removing different probabilities of selection. The EMPIRIC study included structured and validated questions about demographic variables and measures of social adversity and measures of anxiety and depression [29] .
Measuring CF and CFS
A question asking about fatigue in the Revised Clinical Interview Schedule (CIS-R) has previously been used to operationally define CF [7] and to validate more extensive measures of CF and CFS [3, 30] (see Appendix) . Therefore, to define CF and CFS, we used the fatigue question and other stem questions from the CIS-R (these questions were distinct from measures of anxiety and depression symptoms). The questions asked about the following symptoms: (1) getting tired and lacking energy and whether there were any reasons for this (such as physical illness), (2) having any problems with concentrating or noticing any problems with forgetting things, (3) having problems with falling asleep or with getting back to sleep, (4) any sort of ache or pain or being troubled by any sort of discomfort such as headache or indigestion.
Participants also rated the duration of symptoms. Using these items, we defined CF as the presence of unexplained fatigue for a period of 6 months. We defined a CFS-like syndrome as closely as possible to the international criteria for CFS [21] . Although the literature does at times make a distinction between CFSlike syndrome and CFS, this is not consistently followed, for example, the published studies on which the methods in this paper were adopted [3, 7, 31] . Therefore, in this paper, we make explicit the study methods and that the operational definition of CFS is compatible with what has been called by some a CFS-like syndrome. We counted as CFS those individuals with all four of the above symptoms, each lasting for at least 6 months. Our definition of at least four symptoms meets the threshold criteria, as CFS is usually diagnosed on the basis of four of eight symptoms, including fatigue [21] . Sensitivity analyses showed that when a fatigue syndrome was defined using fatigue and only two additional symptoms rather than three, the findings from the analyses were identical to the findings for CF. This supported the notion that our definition of CFS did identify a group that was distinct from the CF group.
The EMPIRIC study (2000) [28, 29] was undertaken by following up and oversampling people from HSE98 and HSE99 [26, 27] . We obtained the individual identifier codes that linked the two data sets, which permitted us to search for physical illnesses reported in HSE98 and HSE99. We were able to identify diseases that might exclude a diagnosis of CFS (31 of disease. However, we did not know the duration of these physical diseases, whether they were in remission or whether they were causing the fatigue at the time of the HSE survey. Although one analytic approach might be to exclude all those individuals with these physical illnesses, given the lack of information about duration, degree of fatigue and whether it was being treated, this approach might introduce a significant selection bias. We therefore included those participants with the specified conditions in our sample and adjusted for all these illnesses in all of our logistic regression analyses where CFS was an outcome. This adjustment was part of the operational definition; therefore, we do not show the unadjusted analyses. This approach provided estimates of risk independent of physical illnesses that might cause fatigue. This method was supported by sensitivity analyses, which showed that the odds ratios following our analyses did not differ whether we included or excluded people with these physical illnesses. Therefore, using these operational definitions of CF and CFS, linked closely to carefully defined analytic plans, we tested the hypotheses by analysis of data collected in the EMPIRIC study [29] .
Measuring common mental disorder
The EMPIRIC study included the CIS-R, which asks about 14 symptoms in the week preceding a structured interview [32] . Anxiety and depression subscales of the CIS-R were used in the analyses (both are scored on a scale from 0 to 4). These were distinct from the questions about fatigue. The CIS-R shows good face content and construct validity in culturally diverse populations [28, 29, 32] .
Social adversity
Social class was classified by the head of household's occupation recoded into a 'manual' or 'nonmanual' group. Other measures of socioeconomic position were educational qualifications (recoded into no qualifications, degree or secondary school qualifications, or foreign qualifications) and employment status (employed or unemployed, retired or other economically inactive status). Social support was measured by the Close Persons Questionnaire [31] . Scores were classified using usual validated thresholds into 'low', 'medium' or 'high' levels of confiding or emotional support (seven items), practical support (four items) and negative aspects of close relationships (four items) [31] .
Chronic social strain was measured by questions from the Whitehall II study [15, 33] . The five-point Likert scale responses for each domain were dichotomized:
(1) problems with relatives and problems with finances (always, often, sometimes and seldom or never) and (2) problems with essentials, problems with housing and problems with neighbourhood (few or no problems and many or great problems) [33] . These were summed to give a total score (on a scale from 0 to 4), where a higher score indicated more frequent (for relatives and finances) or greater social strain. This total score (from 0 to 4) was recoded into tertiles.
Perceived discrimination questions asked about insults in the preceding 12 months; unfair treatment at work regarding promotions; and refusals of employment; and assaults in relation to race, religion or ethnic group. Responses of 'Yes' or 'No' (score of 1 or 0, respectively) were summed to produce a total discrimination score from 0 to 4. These questions have been used in previous studies of perceived discrimination and health [34] .
Physical inactivity
Physical activity levels were measured in the HSE98 and HSE99, so they preceded the measures of CF and CFS in the EMPIRIC study (measured in 2000). The intensity of physical activity was assessed by an aggregate measure of the physical demands of people's jobs and four other types of activity: housework, gardening and 'doit-yourself' jobs around the house (including painting, decorating, repairs), walking, sports participation and exercise. The 'intensity level' of activity was already derived in the original HSE data from the estimated energy costs of each activity: vigorous, moderate, light and inactive [26, 27] . These were recoded into two groups: vigorous or moderate activity versus no activity or light activity. The number of days in the preceding 4 weeks during which subjects had participated in at least a moderate level of activity for at least 30 minutes daily was the recommended level of healthy activity at the time of the original HSE surveys [35, 36] . The total number of active days that each informant reported was divided by four to produce an (average) weekly figure of <1 day, 1 to 4 days or 5 or more days weekly, so that the policy and clinical implications for recommended activity might more easily be discerned as activity in an average week. For each activity variable, the highest activity levels (intensity and frequency) were used as the reference group.
Questionnaire and measures
The EMPIRIC study piloted and then used a structured questionnaire that was available in five languages (Hindi, Gujarati, Punjabi, Urdu and Bengali) [27] . A letter introduced the study before the survey. Gender and language matching were used whenever requested.
Statistical analysis
All analyses used the survey commands in Stata version 10 software (StataCorp, College Station, TX, USA) and were weighted for probability sampling and nonresponse (in HSE99 and EMPIRIC) using established methods with these data to represent population estimates [27, 29] . Unweighted descriptive data are presented, but all regression models were weighted. Differences between weighted means were assessed using weighted regression, with an overall P value reported. Logistic regression models were built using likelihood ratio (LR) tests to justify inclusion and then retention of variables in the models. Gender did not appear to contribute significantly to the models, but, given its importance, it was retained in all regression models.
The unadjusted associations of demographic factors, including ethnic groups, with CF and CFS are presented in Table 1 . Further analyses then investigated univariate associations of social strain, perceived discrimination, social support, physical inactivity and anxiety and depression variables with CFS (Table 2) . Table 3 sets out the relationships between these variables and ethnic groups. Table 4 sets out the nonparametric correlations between demographic and risk factors entered into the final regression model. Table 5 reports manual stepped logistic regression modelling. Explanatory variables were recoded to reduce the number of levels per variable. LR tests were used to justify addition and retention of each of the explanatory variables when added to the basic model. Using this manual stepped approach, we were able to investigate which specific risk factors, when added to the model, led to a reduction in risk in specific ethnic groups or all ethnic groups. The basic model included CFS as an outcome, as well as age (in years), socioeconomic position (measured by education, employment type and whether employed) and ethnicity. We entered social strain, perceived discrimination and social support first; only negative aspects of social support contributed to the model and were retained. Then, in a separate model, we entered physical activity intensity and frequency. The frequency of physical activity did not contribute significantly to the model and was excluded. Starting with the basic model again, we then added anxiety and depression scores (see Table 5 ). A full model showing independent effects of all of these variables is shown in Table 5 .
Results

Prevalence of CF and CFS
The weighted prevalence of CFS for the whole sample was 2.3% (108 of 4,273). The weighted prevalence of CF across the whole sample was 19.7% (881 of 4,276). CFS prevalence varied by ethnic group, age and educational level and was most prevalent among Pakistani people (Table 1 ). In contrast, the prevalence of CF varied only by age, sex and marital and employment status, but not by ethnic group (Table 1) . The demographic factors associated with CF and CFS are similar (Table 1) , but apart from the ethnic group differences, women and retired people have a higher risk of CF but not of CFS. Manual labour workers have a higher risk of CFS but not of CF. People over the age of 35 have a higher risk of CF and CFS in the univariate analyses (reported in Table 1 ). In the final model (Table 5) , a 1-year increase in age is associated with a 2% (95% confidence interval (95% CI), 1% to 4%) higher risk of CFS. As CF did not vary by ethnic group, we did not undertake any further analyses of CF.
When considering univariate associations, chronic social strain, perceived discrimination, the negative aspects of social support, physical inactivity and anxiety and depression were each associated with a higher risk of CFS (Table 2) . Table 3 sets out ethnic variations in measures of social adversity, physical inactivity and anxiety and depression. The Bangladeshi group was more likely to score in the high range on social support (positive and negative) and on social strain. Perceived discrimination scores were highest among the Black Caribbean, Pakistani and Indian groups. Bangladeshi and Pakistani groups were least active as measured on the frequency and intensity of physical activity. Bangladeshi and Pakistani groups had the highest mean depression scores.
Explaining ethnic variations in the prevalence of CFS
Before reporting regression models, Table 4 sets out the nonparametric correlations between demographic and risk factors entered into the final regression model. This shows highly significant correlations, which are addressed by including these variables in the regression models to show their independent effects.
In regression models, adding chronic strain, perceived discrimination and negative aspects of social support to the basic model led to some reduction in the risk among specific ethnic groups, thus partially explaining the higher prevalence of CFS in some ethnic groups (see Table 5 ). However, there was little reduction in risk for the Pakistani group (from an odds ratio (OR) of 4.1 (95% CI, 1.6 to 10.4) to an OR of 3.5 (95% CI, 1.4 to 9.1)). Adding physical inactivity reduced the risk of CFS to a nonsignificant level in all but the Pakistani group. Anxiety and depression alone did not account for ethnic variations in CFS prevalence.
In the full model, age, social strain, negative aspects of social support, physical inactivity and anxiety and depression were independent risk factors for CFS and together explained ethnic variations in CFS prevalence. The point estimates for the Pakistani group especially, and for the other ethnic groups, remained elevated (>1) but were not statistically significant. The full model explained 24% of the variance.
Discussion
This is the first population study of both CF and CFS to include a large, ethnically diverse sample (six ethnic groups). The overall weighted prevalence of 2.3% for CFS is similar to the 2.6% found in the previous largest study of CFS in U.K. primary care [3] . Overall, the findings from this study suggest that most ethnic minority groups have a higher risk for CFS, but not for CF, when compared to White people. Although early studies indicated that CFS was uncommon among ethnic minorities [4, 5] , our study is consistent with research that shows that this may be related to the selection bias of clinic attenders rather than a lower prevalence of CFS [37] .
Middle age is reported to be a high-risk period for developing CFS, and a higher risk is expected in those over 38 years of age [38] . Although many explanations exist for fatigue in older people, even after recovery from physical illness, the National Institute on Aging (in the United States) did not find a consistently higher risk among older adults or a rise in risk with age (http:// www.nia.nih.gov/researchinformation/conferencesandmeetings/unexplainedfatigue.htm). Indeed, in contrast, a recent study validating a fatigue measure showed a lower fatigue score with increasing age [39] . We adjusted for physical illnesses that might explain fatigue symptoms, and therefore comorbid physical illnesses are unlikely to explain the findings of rising risk of CFS with age.
Overall, physically inactive people were twice as likely to have CFS compared with active individuals. However, physical inactivity may emerge following the onset of CFS as a way of avoiding fatigue; once physical inactivity emerges, deconditioning can occur and can further compound fatigue [25] . Prospective studies have suggested that fatigue is more commonly found in those who were physically active earlier in their lives [23] . In contrast to the longitudinal analysis of the 1946 birth cohort [24] , we did not find a higher risk of CFS among the very active or the very inactive (data not shown). We could not identify a subgroup within our active group who might be irregularly involved in activity, as our estimates of activity were averages. Future research might also investigate whether increasing population levels of physical activity reduce the future risk of CFS or indeed increase it as suggested in one cohort study, as well as whether irregular patterns of activity rather than inactivity are significant predictors of fatigue [36] .
Anxiety and depression did not alone explain the ethnic variations in CFS prevalence. The findings suggest that the risk of CFS overall is increased by 49% for each point on the depression score and by 80% for each point on the anxiety score. Although the survey was cross-sectional in nature and reverse causality may be an important explanation, previous research has shown that anxiety and depression can increase the risk of later CFS [23] and may share with CFS predisposing risk factors such as infectious illness [40, 41] . CFS may reflect the influence of social status, power and exposure to adversity. Those with negative aspects of social support were twice as likely to have CFS, and those with social strain were 40% more likely to have CFS. Anthropological and biological critiques suggest that physiological symptoms, such as fatigue, can be an expression of social pressures related to minority status, including discrimination and social strain [42] . This has not been tested previously in epidemiological studies. This study offers some confirmation that chronic social strain and negative aspects of social support explain some of the higher risk of CFS among ethnic groups, but perceived discrimination was not statistically significantly associated with CFS in the final models. Ethnic group differences in the findings following adjustments are probably explained by each ethnic group's differing profile of risk factors; for example, exposure to discrimination and social strain, levels of physical inactivity and levels of anxiety and depression differ by ethnic group (Table 3) . Our final models show independent effects of anxiety, depression, physical inactivity, social strain, negative aspects of social support and age in the whole population. Coping and help-seeking may also vary with culture and ethnic group [28] . We did not measure coping mechanisms or help-seeking for CF and CFS. As these are important in service-based studies that investigate access and recovery, they do not account for our population-based findings. Studies of recovery from CFS by ethnic group are needed to investigate whether different health beliefs and coping styles influence clinical outcomes. A qualitative component of the EMPIRIC study is investigating these aspects using secondary data analysis of qualitative data.
Limitations
The study is the largest of ethnic groups in the United Kingdom, but even larger samples are needed to test for interactions between specific risk factors for specific ethnic groups. The classification of ethnic groups is undergoing constant revision. We were reliant on the categories used for the census in the United Kingdom, which were used in the HSE and EMPIRIC surveys. Ethnic minority status remains an important category by which inequalities are assessed. The treatment of anxiety and depression symptoms remains important, even if some consider that these are a consequence rather than a cause of CF and CFS. Studies of physical illness as aetiological factors in CFS are difficult to undertake, given the various exclusion criteria requiring detailed clinical information about the timing of fatigue and other illnesses. We were not able to address this question in this study. As we did not have biomarkers, this study was not able to test for other causes of fatigue, for example, we did not have measures of immune response or endocrine function.
The operational definition of CFS that we used in this study conforms to what has been called a 'CFS-like' illness in some published research; yet, even within the CFS, chronic fatigue syndrome; OR, odds ratio; 95% CI, 95% confidence interval. All variables were identified by likelihood ratio (LR) tests to contribute to the basic model, including age and socioeconomic status (SES) variables (education, none vs. some; employment of head of household, manual vs. nonmanual; employed, no vs. yes). Head of household and employment contributed significantly to the model when considered on their own, whereas education did not. However, when all three SES variables were considered together, they contributed significantly to the model. Sex did not contribute to models using the LR test and changed ORs only slightly. Age of migration and place of birth were tested after the demographic variables were entered, but did not contribute significantly to the model. They were also tested in the final model and made no difference in the results, so they were not retained. All analyses were weighted and adjusted for physical illnesses that might explain fatigue.
'CFS-like' grouping, there are many variations in classification. Clinical studies and replication studies are necessary to test for risk factors amongst those developing CFS in accordance with full clinical diagnostic criteria. Similarly, we were not able to assess psychosomatic illnesses and their relationships with CFS. Clinical studies using independent and valid measures of psychosomatic illnesses in ethnic groups may be especially helpful, given that some ethnic groups are reported to have more psychosomatic illnesses. Ethnic group-specific analysis might be helpful to establish risk factors for specific ethnic groups; however, although this study remains the largest population sample of ethnic groups in England, it is inadequately powered to assess the precise effects and interactions between the risk factors in each ethnic group separately.
Conclusion
This study indicates that CFS is associated with social strain, negative aspects of social support, physical inactivity, anxiety and depression. These associations together explain the higher risks among some ethnic groups.
